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MÄriOKÄL ADVISORY CCtMETTEE FOE AER03SAÜTICS 

RESEARCH. ME^MMDUM 

. WnfD-mSMSL iDfVSSTlGÄ'EIOH' OF BOMB -BAY COHF10TURATIO3SS llKESHDÜSD    '_ 

'  . TO MINIMISE THE. TEMBLIBG OF UGHT^ffilÖ-HT- BOMBS. 

By Richard E. Kuhn and Edward C. Polhamus 

SUMMARY ' 

An Investigation has "been conduo.ted"in the Langley 30Or MPH 7- by 
10-foot tunnel to determine -what modifications could he made to con- 
ventional "bomb hays to reduce the,, tumbling difficulties, experienced 
vith light-weight bombs. The investigation consisted mainly of photo- 

•* •  •       1 graphic studies of -.the trajectory and attitude ..of•• T^-scale dynamic .-. 

models of 100-pound bombs as they dropped from various bomb-bay con- 
figurations together vith -tuft- studies, of the flow in and around these 
bomb-bay configurations. 

The investigation indicated that there is a definite reeion of 
reversed flow inside the bomb bay which must be weakened or destroyed 
if good drops are to be obtained. The" most satisfactory configuration 
tested consisted of a bomb bay divided into compartments in conjunction 
with a deflector plate ahead of the bomb bay. Satisfactory bomb drops 
were also obtained by-opening: only a small hole' in'the bomb'bay. directly 
below the bomb to be dropped- On the basis of the satisfactory*drops 
obtained with spherical bombs, it appears that bombs whose drag changes 
least with attitude will" give the most* satisfactory- drops'. • 

USTROIXJCTlON •" • •    • :' 

An investigation has been conducted in-the Langley 300 MPH 7- by 
10,-foot tunnel to. determine what modifications to conventional' bccib- 
bay designs are .necessary.to insure•satisfactory drops with light" 
weight (100 lb) bombs. It has been" reported that light-weight bombs' 
frequently described erratic initial trajectories when dropped at 
relatively high, bombing speeds, (of... the,'order of 300. miles per.-hour 
and greater). This behavior, apart from precludinG accurate bombing, 
sometimes resulted in-the bombs hitting.each other and causing 
explosions. 
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The present investigation consisted of a photographic study of 
the trajectories described "by small model "bombs as they were released 
from a simulated "bomb hay in a fuselage model. The tests were con- 
ducted at two tunnel speeds and the effects of various deflectors, 
separators, door arrangements, and "bomb-hay modifications were 
investigated. In addition, tuft studies were made of the flow in and 
around the "bomb hay and static pressure fluctuations were measured at 
two points in the "bomb hay for some of the homh-hay configurations 
investigated. 

SYMBOLS 

Op drag coefficient   (~§^) 

S     'wing area, 11.65 square feet 

q     dynamic pressure ( pP* } pounds per square foot 

p     density of air, slugs per cubic foot . 

T     velocity of air, feet per second 

MOTEL MD APPARATUS 

The tests were conducted in the Langley 300 MPH 7- "by 10-foot 
tunnel. 

The model used in this investigation consisted of a fuselage 
supported "by a rectangular wing. The fuselage did not represent any 
particular airplane hut was merely a fairing around the "bomb 
hay. A photograph of the model mounted in the Langley 300 MPH 7- hy 
10-foot tunnel is presented in figure 1 and the principal dimensions 
of the model are presented in figure 2. The "basic homh-hay modifica- 
tions investigated are presented in figure 3. These modifications 
were made hy inserting wooden "blocks in the original configuration. 
The variouB deflectors, separators, and door arrangements investigated 
are presented in figures k,  5, and 6, respectively.. 

For the homh-drop tests i-scale dynamically similar models of a 

100-pound general-purpose "bomb (fig. 7) were dropped from the "bomb hay 
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into a net which can be seen in figure'1. Preliminary tuft studies 
indicate that this net did not appreciably affect 'the flov within" •• 
about 18 inches of the model. The relations'"of reference 1-were used to 

compute the weight and momonts of inertia of- the -—-scale model bombs 
-       •-".•--       1Q 

which »were ballasted with lead to bring these quantities and. the c'enter 
öf gravity to the correct magnitude and position«; The bombs were held 
in the bomb bay by small electro-magnetic bomb shackles (fig. 3) 
•operated from a 12-volt storage battery'. The bombs were released by 
breaking the magnetic circuit and the bomb trajectories were recorded 
by a still camera in conjunction with two Stroholtuc lights. The 
Strobolux lights were set to flash 2U00' 'times por minute so the time 
between two bomb images on the picture is one-fortieth of a second. 

The fluctuation of the static- pressures within the -bomb bay 
were measured at two points in the bomb bay. These orifices, can be- 
seen on figure 8 and their locations are given in figure 2. The time 
history of the pressure fluctuations was picked up by an electrical- 
pressure transmitter and recorded by .an. WACA film recorder. 

TESTS 

In order to have the trfLjectories of the —-scale model bombs 

simulate those of the full-scale', bombs ^ it. is -necessary that the-model 
bombs be dropped at tunnel speeds which correspond to the full.-scale 

flight speed according to the relations of reference. 1. For the i-scale 

bombs used in. these tests--the. relationship between•'the. tunnel: speed; 
equivalent flight-speed, and the- scale- of the bombs' is^ given*by: 

Velocity (flight)' -VelocltyJtunnel) 

= j; 16 Velocity '{tunnel) 

where ' -' - 

If = Scale of bomb ' (l/lO) 

The majority of the tests were" conducted at-a-tunnel speed of., 
lk& miles per hour', corresponding-to".a-flight velocity of U-5Q- miles 
per. hour. Some of .th«V tests, however, were made at a tunnel speed ;of 
iJ-7-5 miles per hour, corresponding to .a flight velocity "of 150-miles 
per hour. 
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The angle of attack of the fuselage- -was held constant at 0° for 
all tests. The different configurations tested are tabulated in 
table I. For most configurations two bombs were dropped simultaneous3y} 
one from the front shackle and one from iihe  rear and usually three or 
four drops were made from each configuration. Typical photographic time 
histories of some of the bomb drops are presented In .figure 9. ifnless 
otherwise stated, all the drops were made at an equivalent flight speed 
of 1+50 miles per hour. In these pictures the rebound.-, of the 'bomb from 
the net can be seen and should not be confused with the, actual drop. 

EESUIfflS AND DISCUSSION 

The results of the drop tests for each configuration, investigated 
are summarized in figure-10 • For each configuration presented, the 
direction and nature of the air flow within the bomb bay is depicted 
as well as the bomb trajectories. The symbols and conventions employed 
in the presentation are defined in one.of the :two sketches.preceding 
configuration 1. The other sketch presents the ideal trajectory of a 
bomb as calculated on the assumption that the bomb maintains zero angle 
of attack as it leaves the bomb bay. For these computations a bomb 
drag coefficient of 0.195 vas assumed, corresponding to the measured 
Tirfn-fTrrum drag coefficient of a 300-pound bomb (reference 2) . The "ideal" 
trajeotory can be used effectively in judging.the merits of the various 
configurations investigated. Unless otherwise stated, all the results 
presented in figure 10 were.obtained.at an equivalent flight speed of 
U50 miles per hour. 

Configuration 1 presents a more or less conventional bomb -bay" 
configuration. The erratic behavior of the bomb's dropped from the rear 
of the bomb bay is immediately evident-. However,,reducing the simulated 
airspeed from 450 to 150 miles per hour reduced the tumbling and 
divergence to the point where consistently.good drops could be secured 
from oither bomb position. The improvement with reduced airspeed has 
also been noticed in flight. Lowering the bomb shackle altered the 
behavior but it -was still not satisfactory. 

It can be seen that for almost all configurations for which tuft 
studies were made, there is a definite flow reversal which causes the 
bombs to tumble and which therefore must be destroyed or weakened in 
order to obtain consistently good drops • Opening only a small hole in 
the bomb bay for the bombs to drop through resulted in some fairly satis- 
factory drops (configuration 3)• This solution, however, would necessi- 
tate making the doors of the bomb bay in small sections and' only opening 
those sections under the bombs to be dropped and would possess the 
objectionable feature of precluding salvo-type bombing. 
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Attaching deflectors to the fuselage ahead of the bomb "bay with 
no other alteration did not improve conditions appreciably. It .can he 
seen that in many configurations the bombs were actually carried forward 
from their release position while* still inside the "bomb bay and then 
"blown back as they emerged. 

One modification that was tried in an attempt to improve the 
dropping characteristics of light-weight bombs was to fair out the 
rear end of the bomb bay to weaken the reverse flow. This alteration- 

(designs C and D) did not in itself materially help matters. However, 
attaching a perforated deflector 6 inches ahead of the bomb bay and 
extending the doors forward to the.deflector in combination with bomb- 
bay design "c" (configuration 35) seemed to have some merit. In the 
interest of expediency this modification was accomplished by inserting 
a block of the proper shape in the rear of the bomb bay rather than 
alter the model itself. It will he noted that with this arrangement 
the bomb bay is considerably shortened but it was felt that this would 
have a negligible effect on the qualitative results obtained. 

One of the most effective configurations investigated consisted of 
dividing the bomb bay into FTITW.TI cells, each cell large enough for one 
vertical string of bombs. This modification, in conjunction with a 
perforated deflector (configuration 11), resulted, in the most satis- 
factory drops. The tests indicate that these cells should have solid 
walls to be most effective. Although the doors were off in this 
configuration,tests of other configurations with and without doors 
indicate that the doors should have little effect. 

Any bomb possessing a considerable amount of stability vill tumble 
somewhat when immersed in a strong turbulent flow. large changes in 
the attitude of the bomb associated with this tumbling will cause large 
variations in drag which will greatly affect, the path of the bomb» It 
is of interest to note that spherical bombs drop satisfactorily from 
either of the bomb positions ^configuration 20). The spherical bombs 
used, for these tests were solid steel balls and were about twice as 

heavy as the •=rr-seale model bombs but it is believed that the fact that 

the drag of a sphere does not change with its attitude is the factor 
most responsible for the excellent drops obtained. 

For some of the configurations,' records were made of the fluctuations 
of the static pressure at two points in the bomb bay (fig. 2) and the 
results are presented in tahle I. .The installation, of cells in.the 
bomb bay (configuration 10) considerably reduced"the amplitude of-these 
fluctuations, especially in the rear of the bomb bay. 

Drag measurements were also made on some of the configurations and 
the drag coefficients are presented in tahle I. These drag coefficients 
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are "based on the -wing area of 11.65 square feet; the drag coefficient 
of the model vith the "bomb hay closed is O.O35 and the drag coefficient 
of the wing alone is 0.028. Attaching deflectors ahead of the bomb 
hay materially increased the drag. However, a wedge-shaped deflector 
gave the smallest increase in drag» 

CONCLUSIONS 

On the basis of wind-tunnel tests of various homb-hay configu- 
rations, the following conclusions are indicated: 

1. There TOS a definite region of reversad^flow inside the tomb 
bay of conventional design and it was this reversed flow which' caused 
the light-weight bombs to tumble as they dropped. ; 

2'. Satisfactory drops were- obtained by opening only a small .door 
in the bomb bay for the bombs to drop through instead of opening the 
entire bottom of the bomb bay,     .    . 

3. The moeti satisfactory configuration tested' consisted of a 
bomb bay divided into compartments in conjunction with a deflector 
plate- ahead of the bomb bay. 

k.  The satisfactory results obtained with spherical bombs 
indicate that bombs whose drag changes least-with attitude will £ive 
the most satisfactory drops. •' 

Langley Memorial Aeronautical Laboratory' , 
National Advisory Committee for Aeronautics 

Langley Field, Va. . •: 
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!EABEE I. - 5EABES OP BOMB^BAT CfOHBTODßATlOfflB ÜESEED AND BESOMS OBTAIHED 

Drag3- Static pressure fluctuation. 
Configu- 
ration 

»Of 

Configuration ooef- 
flcient 

in "bomb bay 
Bomb "bay 
(fig. 3) 

Deflector 
(fig. hy 

Separators 
(fig. 5) 

poors 
(fig. 6) 

iFront orifice Bear orifice 
Amp »2 *3 Amp.2 f3 

1 A b ¥m A 0.044 4.2 28 17.5 42 
2 A - - Oft o.o44 6.0 19 
3 A *» - D 
It A - A A o.olj-5 5.2 12.0 46 
5 A C-0 A A 
6 A - B A 0.046 4.5 21 
7 A A~6 B A 
8 A B-6 B A 
9 A C-0 B A 

10 A rr C Off 0.043 3-a 9-3 49 11 A B-0 C Off 
12 A *• D Off 
13 A B-0 D Off 
14 A B-0 E Off 

1 

15 A A-0 - A 
3JS A A-3 te A 
17 A A-6 -, A 
18 A A-12 - A 
19 A B~0 - A 0.061 3.2 13-3 34 so A B-3 » A 
21 A B-6 - A 0.059 4.4 18.6 36 22 A B-6 ** Off 0.059 3.7 17.9 34 
23 A B-12 * A 
24 A C-0 •n> A 0.055 3.8 28 21.4 32 

3 

•4jhe drag coefficient of the model with the bomb bay closed is Cj, * O.O35. 
^e ayerage double amplitude of the pressure fluctuation in percent of the dynamic pressure (q), 
-The frequency of the pressure fluctuation in cycles per second. 

MATIOHAL ADVUSOBT 
COMCCHEE tfOR AEBOWADTICS 



TABÖS I- TABES OP BOMBAY 0OHFB3DRATI0Ba - Concluded 

Drag1 Static preBsnre fluctuation 
Configu- 
ration 

HO. 

Canflguration coef- 
ficient 

In "bonk bay 
Barib "bay 
(fig. 3) 

Beflector 
(fig. k) 

Separators 
(fig. 5) 

Boors 
(fig. 6) 

Front orifice Rear irlfice 

An?.2 f3 Amp.1- •    f3 

25 A c-6 •i A 0.057 5.3 
26 A C-6 - Off 0.056 3.5 24.0 3h 
27 A C-12 1» Off 21.4 33 
28 B - IV B 0.0^3 5.5 
29 B B-6 _ B 
30 B B-6 _ Off 
31 C M - B O.Ott 2.8 
32 C « M Off 
33 c B-0 •» B • 

3* c B-6 - B O.05H 2.8 
35 c B-6 - 0 
36 •   c B-6 4« Off O.O56 3.2 
37 c C-0 - B 
38 c C-6 Wl B 0.»59 5.1 
39 c c-6 A C 0.01*9 6.0 
¥> c C-32 M B . 

kl B - - B 0.0V* 2,3 
te D — m Off 
*3 B B-0 - Off 
1* D B-6 - B 0:055 4.2 
*5 B c-6 «• B 0.05^ 5.5 
h6 D c-6 - Off 
hi B B i» Off 
kB B E •- Off 

I 
0 

"The dra,g coefficient of the model vith the "bcmib "pay closed Is CL •» 0.035- 
?The awrage double amplitude of the pressure fluctuation In percent of the dynamic pleasure (q.). 
"*Ehe frequency of the pressure fluctuation cycles per second. 

BÄTIOEftL ADVnSOBX 
CO&MimE FOB AEBQHAUTICS 

00 
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Figure. 1.-   Front view of bomb bay model and-net mounted In the 300 MPH 7- by        bj 
10-tfoot tunnel. o? 

I I        I 
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Bomb c.p 

[+-20.36-M 

NATIONAL ADVISORY 
COHMITTEE FOR AERONAUTICS 

F/pc/r<z 2. - Defaz/s of 6omb 6cry metfe/. 



Fig. 3 NACA RM No. LTD 11 

Bomb bay A 
"7? 

^ 

•IZ24- 

^^^^^^^i^^ 

-36.60- 

Bomh bay B       r-^ 

Bomb bay C 6£5R. 

NATIONAL ADVISORY 
COMMITTEE FM AERONAUTICS 

Figure 3 -Details of bomb bay 
de s /g/?s   wisest/gated. 
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m 

Deflector A  (sohcf) 
4P4.L_   Deflector B (perforated, 

^" ZS% of area) 

3>ZS 

4.84\«- 

NATIONAL ADVISORY 
COMMITTEE FOB AERONAUTICS 

/fcs. of deflector. 
fi.BjC a 
A-o 8-0 C-O 0 

A-3 B-3 3" 
A-e Ö-.6 C-6 6" 
A'/2 B-/Z c-/z !Z" 

Figure 4- - Draw/jig showing details and pos/honS of the 
\/4J7oas c/ef/ectors fe&fec/. 
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Sepqrafor A   (so/id) 
Separater 8 (perforated^^Z of area) 

Separators C (solid) 
Separators D (perforated, 25% of area) 
Separators £ (fwo front separators per/orated, 

"   rear » sot id) 

NATIONAL ADVISORY 
COMMITTEE FOR AERONAUTICS 

Figure 5.-DramtTg of Soryob Äay separators. 



NACA RM No. L7D11 Fig. 6 

A&B. 

NATIONAL ADVISORY 
COMMITTEE FOR AERONAUTICS 

D 

front and Rear Poors 
Front Doors   only 
Front Doors Extended 
Small opening in bomb bay 

F/gure 6 - Various door   arrangements 
tested. 
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Moment of inertia 
about lateral axis 
0,00313 slug in* (app) 
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]aple Wood Body     ^-ao/oJted fins 

Lead Ballast 
NATIONAL ADVISORY 
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Scale-Inches 

Figure 7 r Drawing of OJO scale model of 
wölb   general purpose bomb. 
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Figure 8.-  View of interior of bomb bay showing magnetic bomb shackles and       |s! 
pressure orifices. 7" 
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Configuration 1 Bomb Bay  '   A 

Doors A 

Figure 9.-   Representative pictures of drops. 
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Configuration 1 

Tunnel speed reduced to simulate a "bombing 
speed of 150 mph. 

Figure 9.-   Continued. 
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Configuration 3. Bomb Bay      A 

Doors D 

Figure 9.-   Continued. 



NACA RM No. LTD 11 Fig. 9 cont. 

Configuration 5 

Figure 9.- 

Bomb Bay A 

Deflector C-O 

Separator A 

Doors A 

Continued. 
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Configuration 11 

Figure 9.- 

V K      *sfci NACA 
LMÜL 

5048-f 

Bomb Bay- A 

Deflector B-O 

Separators C 

Doors off 

Continued. 
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Configuration 20 Bomb Bay      A 

Deflector       B-3 

Doors A 

Spherical "bombs 

Wind off 

Figure 9.-   Continued. 
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Configuration 24 Bomb Bay      A 

Deflector       C -O 

Doors "   A 

Figure 9.-   Continued. 
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Configuration 35 Bomb Bay- C 

Deflector B-6 

Doors C 

Figure 9.- Concluded. 
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Dead atr- QGL of b022b\_J)eforie~ fietease- 

Direction of f/ow-S 

\ifert/cal /we from. 
bomb    shackle /    ^—Jht/i ofbcmb 

^Attitude of bornh 
Representative   configuration   Witt) explanations 

of lines and   symbols. 

Calculated path of Jbomb.    Attitude of bomb 
assumed constant at (Tangle of attack. 

Configuration   / Bomb £>ay A 
Doors A 

Bomb  boy A 
Configuration   I Doors A 

Tunnel speed reduced to simulate 
a  bombj/io    speed of /3~0 Af.l?#. 

Configuration    I Bomb bay A 
Doors A 

Domb shackle lowered Sinches 

Configuration £ Bomb bay  A 
Doors off 

ßcfflb shackle lowered -3 inches 

NATIONAL ADVISORY 
COMMITTEE FOB UKOHtUTtCS 

Figure 10 - Results   of   bomb drops 
and   tuft   studies 
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Configuration J Bomb day A 
Doors D 

Configuration   4- Bomb bay A 
Separators A 
Doors A 

^^^^^m 

Configuration   S 
9omb bay A 
Deflector    C-0 
Separatars   A 
Doors A 

Configuration  6 Bomb bay A 
Separators B 
Doors A 

Configuration    7 
öomb bay   A 
Deflector    A-6 
Separators B 
Doors A 

Configuration    6 
ßomb bay A 
Deflector    B-6 
Separators B 
floors A 

^^^^^m 

Confyurof/ar?    9 
ßar»6 6ay A 
Def/ecfcr C-O 
Separator ß 
Doors A 

Configuration   10 BomJb bay A 
Separators C 
Doors off 

Figure 10  - Continued 
NATIONAL ADVISORY 

COMUTTEE FOP AERONAUTICS 
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^PP^?^ 

Conf/gi/rabon    II 
Bomb bay A 
Deflector B-0 
Separators C 
ßöors off 

f^m^^ 

CMf/ffi/raüan    J2. Bomb bay A 
Separators D 
Doors off 

Configuration    13 
Bomb bay   A 
D&f/ector     3-0 
Separators D 
Doors off 

Conf/gts/at/an   14 
Bomb bay A 
Deflector B-0 
Separators E 
Doors off 

Confiqa/vf/or?    15 ßon?6 6qyA 
* Def/ecfor A-O 

Doors      A 

Conffouraftor?   IS Bomb bay A 7 Def/ecfor A-3 
Doors A 

Conf/gc/rof/ari  17 ßomb £ryy  A 
* Dcfleeter   A-6 

£7e>am A 

Conf/guration   16 

Figure 10.- Continued 

Bomb  bay   A 
Deflector    A-f2 
Doors A 

NATIONAL ADVISORY 
COMMITTEE FM AERONAUTICS 
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Conf/ga/vf/on  19 ßa&?£ <boy A 7 •   DefMcfor     B-0 
Doarj A 

Ccv?f/our&//ar? £0 Bomb bay A 

Doors 

bomb bay   A 
Configuration    EO Def/ector    ß-3 

Doors A 
Spherical  /bombs 

J^ V 
Configc/rot/on   £f Bon?6 Aoy    A 

£ef/ecfor      B-6 
Doors A 

Configuration  ZZ. &omb bay A 
Deflector   3-6 
Poors off 

Configuration S3 Bomb Aoy A 
Deflector B-tZ 
Doors       A 

Configuration Z4 Bomb bay A 
Deflector    CO 
Doers A 

Configuration   £5 Bomb bay   A 
Deflector   C-6 
Doors A 

r,gur<? 10  - Continued 
NATIONAL ADVISORY 

COMKITTEE FOfl AERONAUTICS 
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Configuration 26 BomA 6&y A 
Oef/ecfar   C-6 
DOCKS off 

Cdhf/o-arafo/7 S7 Bo/nf) J&cry A 
Deffecfo?  C-/2 
Doos&        off 

Conftgurattcm   £,& Bomb boy   B 
Doors Ö 

Cwfiot/rabos}   Z9        Bomb bay    ß 
Def/ector     BS 
Doors B 

Configuration   30 Bomb bay   B 
Def/ector   B-e 
Doors -off 

Qmf/gi/rat/on   3/ Bomb bay C 
Doors B 

Coflffguratian 32. Bomb bay C 
Doors        off 

Confjgaraf/ofi 33 Bo/nA £oy   c 
Def/ecfor    ß-C 
Doors 3 
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Fig. 10 cont. NACA- RM No. LTD 11 

Confjpvrat/on   3+ ßomä bay  C 
Deflector   3-6 
Poors ö 

Configuration   3ö~ 3omb bay    C 
ßef/ector      B-S 
Doors C 

Configuration   36 öomö bay C 
Deflector   ß-S 
Osors off 

Cortfigarof/ort   37 öom£> bay   C 
£>ef/ecfor    C-O 
Doors ß 

s^w 
Conf/pt/njf/or? JS        Bomb töqy   C 

Def/ecfor     C-6 
£>oc*s 8 

Conf/garaf/on  39 ßamAboy   C 
Def/ecfor     C-6 
Doors C 

Confiauraf/or?  40 Bom A bay  C 
Deftecfo/   C-fZ 
Docrs ß 

Coßf/gurat/on   +1 Bomb   toy £> 
Doors ö 

Figure IG r Continued 
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NACA RM No. L7D11 Fig. 10 cone. 

Configuration   4Z Bomb bay D 
Doors off 

Conftqar&f/on 43 Bomb &qy D 
* Def/ecfor   3-0 

Doors off 

Cortf/oura/ros? 44 ßo/nb £>&y D 
Deflector 8-6 
Doors        B 

Cmf/gi/ratfon   45 Boffjd bay D 
Deflector   C-6 
Poors 3 

Canfi$i/sz/fio/?  46 Bomjb/k?y   D 
Def/ec/ar     C-6 
Ooors off 

Cbaf/gc/ratto/i   47 Bomb bay a 
Deflector P 
Doors        off 

Configuration   46 Bomb bay D 
Deflector E 
Doors        off 

NATIONAL ADVISORY 
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